University of Wollongong

Research Online
Australian Institute for Innovative Materials Papers

Australian Institute for Innovative Materials

2007

Synthesis and optimization of fluorine-free Y and Cu precursor solution for
MOD processing of YBCO coated conductor
Jaimoo Yoo
Korea Institute of Machinery and Materials, jaimoo@uow.edu.au

Young-Kuk Kim
Korea Institute of Machinery and Materials

Kookchae Chung
Korea Institute of Machinery and Materials

Jaewoong Ko
Korea Institute of Machinery and Materials

Xiaolin Wang
University of Wollongong, xiaolin@uow.edu.au

See next page for additional authors

Follow this and additional works at: https://ro.uow.edu.au/aiimpapers
Part of the Engineering Commons, and the Physical Sciences and Mathematics Commons

Recommended Citation
Yoo, Jaimoo; Kim, Young-Kuk; Chung, Kookchae; Ko, Jaewoong; Wang, Xiaolin; and Dou, S X., "Synthesis
and optimization of fluorine-free Y and Cu precursor solution for MOD processing of YBCO coated
conductor" (2007). Australian Institute for Innovative Materials - Papers. 163.
https://ro.uow.edu.au/aiimpapers/163

Research Online is the open access institutional repository for the University of Wollongong. For further information
contact the UOW Library: research-pubs@uow.edu.au

Synthesis and optimization of fluorine-free Y and Cu precursor solution for MOD
processing of YBCO coated conductor
Abstract
MOD solutions for YBCO coated conductors were synthesized with fluorine-free Y & Cu precursor. The
fluorine content in the precursor solution was significantly reduced and a fast calcination profile was
realized. A crack-free & thick precursor film was successfully obtained just after less than 2 hours of
calcination in wet O2 atmosphere. Optimization of the precursor solution with Sm addition enables further
improvement of thickness and uniformity of precursor films. The calcinated precursor film was
successfully converted to dense and uniform YBCO film after annealing in wet Ar/O2 atmosphere. The
measured critical current value was about 273 A/cm-w (Jc ~ 3.8 MA/cm2), and well-developed
microstructure was confirmed. Also discussed are recent developments in the reel-to-reel processing
using the precursor solution with low fluorine-content. It was shown that employing fluorine-free Y & Cu
precursor solution enabled uniform and fast processing of YBCO coated conductors.
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Synthesis and Optimization of Fluorine-Free
Y & Cu Precursor Solution for MOD Processing of
YBCO Coated Conductor
Jaimoo Yoo, Young-Kuk Kim, Kookchae Chung, Jaewoong Ko, Xiaolin Wang, and Shi Xue Dou

Abstract—MOD solutions for YBCO coated conductors were
synthesized with fluorine-free Y & Cu precursor. The fluorine
content in the precursor solution was significantly reduced and
a fast calcination profile was realized. A crack-free & thick precursor film was successfully obtained just after less than 2 hours of
calcination in wet O2 atmosphere. Optimization of the precursor
solution with Sm addition enables further improvement of thickness and uniformity of precursor films. The calcinated precursor
film was successfully converted to dense and uniform YBCO film
after annealing in wet Ar O2 atmosphere. The measured critical
3.8 MA/cm2 ), and
current value was about 273 A/cm-w (Jc
well-developed microstructure was confirmed. Also discussed
are recent developments in the reel-to-reel processing using the
precursor solution with low fluorine-content. It was shown that
employing fluorine-free Y & Cu precursor solution enabled uniform and fast processing of YBCO coated conductors.
Index Terms—Coated conductor, fluorine, MOD, precursor
solution.

I. INTRODUCTION
deposition
(MOD)
of
(YBCO)-based high temperature
superconducting coated conductors is attracting much interest
because of its potential for scale-up and cost-effectiveness
[1]–[3]. Generally, MOD is a non-vacuum chemical solution
deposition process capable of being scaled to industrial levels.
In particular, YBCO thin films with high critical current density
MA/cm can be routinely fabricated by MOD-TFA
process using trifluoroacetate (TFA)-based precursor solution
[4]. Therefore, fabrication of YBCO-based coated conductors
on the biaxially textured, polycrystalline substrates using MOD
technique is a topic of technological importance.
One of the most important issues in the MOD-processing
of YBCO coated conductor is synthesis of MOD precursor
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solution. Metal-TFA salts in the precursor solution of the conventional MOD-TFA process generate large amount of HF gas
during the calcination step. As a result of this, long processing
time is required to fabricate crack-free precursor film compared
with conventional MOD process for ceramic film, and thickness
of precursor film is limited to low values after single coating
and calcination [5], [6]. Then, scale-up of MOD-TFA process
is limited. The large HF gas generation during the calcination
step in MOD-TFA process can be attributed to the large amount
of fluorine contained in the precursor solution [6]. In order
to shorten the processing time and to obtain thick and dense
YBCO layers, reduction of fluorine content in the precursor
solution is required. Then, many efforts have been made to
enhance the processing by modification of precursor solution
[6]–[12]. Dawley et al. reported 1.5 m thick YBCO film on
single crystal by adding diol or triol to increase the
viscosity [7]. In addition to this, the improvement in processing
time and thickness of precursor films were done by reducing
fluorine content in the precursor solution [9]–[11]. Recently,
a precursor solution developed by ISTEC (Japan) provided
YBCO film with high critical current density of 692 A/cm after
multiple coating and calcination [12].
In this study, a new precursor solution for MOD processing
was synthesized to improve the processing and thickness of
YBCO films. The amount of total fluorine in the newly synthesized precursor solution was significantly reduced compared
with that of conventional all TFA-based precursor solution. Accordingly, a fast calcination profile was applied to reduce the
processing time. We report here on successful MOD fabrication
of high performance YBCO coated conductors using precursor
solution with low fluorine content.
II. EXPERIMENTALS
A. Synthesis of Precursor Solution
A MOD precursor solution with low fluorine content was
synthesized by dissolving metal precursors into methanol. fluorine-free yttrium and copper acetated-based metal salts were
employed as yttrium and copper precursors. Those metal acetate-based salts were prepared by mixing metal acetate and
proper chelating agents. In addition to this, barium trifluoroacetate (TFA) salt was used as a barium precursor to synthesize the
new precursor solution. The synthesized precursor solution was
condensed to control the viscosity. In addition to this, samarium
precursor was added to the synthesized precursor solution. The
amount of samarium in the precursor solution is less than 10%
of yttrium content.

1051-8223/$25.00 © 2007 IEEE

YOO et al.: SYNTHESIS AND OPTIMIZATION OF FLUORINE-FREE Y & Cu PRECURSOR SOLUTION

3337

Fig. 1. Thermogravimetric analysis of precursor solutions: (a) all TFA solution,
(b) F-free Y & Cu solution.

B. Preparation of YBCO Coated Conductors
Buffered Ni-W tapes
supplied
from Korea Electrotechnology Research Institute (KERI)
were employed as substrates for YBCO coated conductor.
Synthesized precursor solution was deposited on the surface
of buffered metal tape by slot die coating method. Deposited
gel film was calcined in humidified oxygen atmosphere and
mixed gas.
annealed in humidified
III. RESULTS AND DISCUSSIONS

Fig. 2. (a) Surface and (b) X-ray diffraction profile of calcined precursor film.

A. Synthesis and Optimization of F-Free Y & Cu Solution
Since the F-free Y & Cu precursor solution was synthesized
by dissolving F-free yttrium and copper precursor into methanol
with barium TFA salt, the total content of fluorine in the precursor solution is only 30% of that for conventional MOD-TFA
precursor solution synthesized with metal-TFA salts (hereafter
referred as all TFA solution). In order to investigate the weight
change during calcination process of the F-free Y & Cu precursor solution, thermogravimetric analysis (TGA) of precursor
solution was performed. TGA data of both all TFA solution and
F-free Y & Cu solution were measured independently to compare the pyrolysis behavior (Fig. 1).
TGA data of all TFA solution shows abrupt change of weight
in the temperature range of 250 300 . The abrupt weight
change can be related to large amount of HF gas generation
during the calcination step. As a result of this, there will be many
pores and cracks in the calcined precursor film and calcination
of crack-free precursor film requires slow heating and long calcination time. Contrary to this, pyrolysis behavior of F-free Y
& Cu precursor solution shows gradual change of weight during
the heating process in the wide temperature range [Fig. 1(b)].
This implies that thick precursor films without cracks are expected to be fabricated by applying F-free Y & Cu precursor
solution even after fast heating.
Since the F-free Y & Cu solution was expected to be suitable
for fast calcination profile, the calcination was performed by
in wet
atmosphere with the
heating gel film to 400
. Less than 2 hours are required to finish
rate of 5
calcination process including cooling. As shown in Fig. 2, the

Fig. 3. Fractured surface of a precursor film prepared with slot die coating
method and F-free Y & Cu solution with high viscosity ( = 120 cP).

precursor film after calcination shows dense and crack-free
, CuO and
microstructure with uniform distribution of
, which is consistent with the calcined film prepared by
all TFA solution [4].
Thickness of as-calcined precursor film prepared with F-free
Y & Cu precursor solution was measured. By increasing solution viscosity, thicker precursor film was expected to be formed
after calcination. In this study, a slot-die coating was applied to
obtain uniform and thick precursor film. Fig. 3 shows a fractured
surface of precursor film prepared by slot-die coating of F-free
Y & Cu precursor solution with high viscosity viscosity
120 cP . Up to 2 m, crack-free & thick precursor film can be
formed by slot-die coating. However, it still has problems when
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Fig. 4. (a) Variation of critical current and critical current density with respect
to annealing temperatures and (b) cross-sectional view of YBCO coated conductors annealed at 780 C.

annealing these thick films. Calcined precursor film (slot-die
coated) used in this study is 2.0 m.
In addition to this, samarium doped F-free Y & Cu precursor solution was synthesized. Interestingly, viscosity of
precursor solution was greatly improved by samarium addition from 70 cP to 260 cP. Synthesized precursor solution
buffered Ni-W alloy
was deposited on
tape by slot-die coating and subsequent calcination. Calcined
precursor film was converted to YBCO after annealing in
atmosphere at the range of 760
790 . DC
humid
4-probe measurement shows that critical current of YBCO
coated conductors were more than 100 A/cm after annealing
790 [Fig. 4(a)]. In particular, YBCO
at the range of 760
coated conductor annealed at 780 shows high critical current
of 226 A/cm. The thickness of annealed YBCO film was
estimated to be
0.66 m from cross-sectional observation
of YBCO layer
and the calculated critical current density
MA/cm [Fig. 4(b)].
was
In addition, a modified temperature profile was applied to the
calcination of F-free Y & Cu precursor solution with samarium
addition coated on buffered Ni-W alloy tape. After annealing
at 780 , surface of YBCO layer shows dense microstructure
with small number of pores [Fig. 5(a)]. Thickness of YBCO
layer was measured to be about 0.72 m from the observation
of fractured surface [Fig. 5(b)]. Critical current measured by
273 A/cm (with 1.5 mm wide bridge)
transport method was
3.8 MA/cm .
and
Hence, it was shown that YBCO film with high can be fabricated using F-free Y & Cu precursor solution with samarium
addition.

Fig. 5. Microstructure and critical current of YBCO coated conductors calcined with modified temperature profile: (a) surface, (b) cross-sectional view,
(c) critical current measurement.

B. Reel-to-Reel Processing of YBCO Coated Conductors
A reel-to-reel slot-die coating and calcination system
equipped with precise control of slot die coating parameters
was installed in KIMM and it enables continuous coating and
calcination with speed of 5 m/h is possible. In order to maintain
uniformity of gas flow and temperature in continuous annealing
process, a reel-to-reel annealing system equipped with vertical
gas flow control system and 9-zone control furnace was designed and installed.
A 42 cm-long YBCO coated conductor was fabricated by
reel-to-reel processing of YBCO coated conductors using F-free
Y & Cu precursor solution with samarium addition. Prior to
slot-die coating of precursor solution, the surface of buffered
substrate was thermally treated in oxygen atmosphere to improve wettability of solution and uniformity of coating. Precursor solution was deposited on a buffered Ni-W substrate with
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critical current. Further optimization of precursor solution and
reel-to-reel continuous processing is in progress.
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Fig. 6. Variation of critical current with respect to position in the reel-to-reel
processed YBCO coated conductor.

slot-die coating method and calcined continuously. After calcination, the precursor film was annealed at 780 using reel-toreel annealing facility. Measured critical current of the YBCO
coated conductor was 63 A/cm (end-to-end) and estimated
critical current density was 0.9 MA/cm (Fig. 6). Further modification and optimization of reel-to-reel MOD processing is in
progress to improve critical current of coated conductor.
IV. SUMMARY
In order to reduce fluorine content in the precursor solution,
F-free Y & Cu precursor solution was synthesized. A crackfree 2.8 m-thick precursor film was fabricated through slot-die
coating & fast calcinations process. Less than 2 hours are required to finish the calcination process. YBCO coated conductor
deposited on buffered Ni-W alloy tape using F-free Y & Cu precursor solution with samarium addition shows critical current
3.8 MA/cm after single coating. In addiof 273 A/cm
tion to this, 42 cm-long YBCO coated conductor was fabricated
by reel-to-reel continuous processing with F-free Y & Cu precursor solution with Sm addition. In this study, it was shown
that employing F-free Y & Cu precursor solution is expected to
improve fast processing of YBCO coated conductors with high

[1] T. Araki, K. Yamagiwa, and I. Hirabayashi, “Fabrication of YBCO
films by metal organic method using trifluoroacetate and its process
conditions,” Cryogenics, vol. 41, pp. 675–681, 2001.
[2] D. Verebelyi, U. Schoop, C. Thieme, X. Li, X. Zhang, T. Kodenkandath, A. P. Malozemoff, P. Nguyen, V. E. Siegal, and D. Buczek, “Uniform performance of continuously processed MOD-YBCO-coated
conductors using a textured Ni-W substrate,” Supercond. Sci. and
Tech., vol. 16, pp. L19–L22, 2003.
[3] S. Miura, K. Hashimoto, F. Wang, Y. Enomoto, and T. Morishita,
“Structural and electrical properties of liquid phase epitaxially grown
YBa Cu O films,” Physic C, vol. 278, pp. 201–206, 1997.
[4] S. Sathyamurthy and K. Salama, “Application of solution deposition
to fabricate YBCO coated conductor,” IEEE Trans. Appl. Supercond.,
vol. 11, pp. 2935–2938, 2001.
[5] P. C. McIntyre, M. J. Cima, and M. F. Ng, “Metalorganic deposition
thin films from trifluoroacetate precursors
of high- J Ba YCu O
onto (100) SrTiO ,” J. Appl. Phys., vol. 682, pp. 4183–4187, 1990.
[6] Y. Tokunaga, H. Fuji, R. Teranishi, J. Matsuda, S. Asada, A. Kaneko,
T. Honjo, T. Izumi, Y. Shiohara, Y. Yamada, K. Murata, Y. Iijima,
T. Saitoh, T. Goto, A. Yoshinaka, and A. Yajim, “High critical current YBCO films using advanced TFA-MOD process,” Physica C, vol.
412–414, pp. 910–915, 2004.
[7] M. W. Rupich, D. T. Verebelyi, W. Zhang, T. Kodenkandath, and X. Li,
“Metalorganic deposition of YBCO films for second-generation hightemperature superconductor wires,” MRS Bulletin, Aug. 2004.
[8] J. T. Dawley, P. G. Clem, M. P. Siegal, D. L. Overmyer, and M. A.
Rodriguez, “Thick sol -gel derived YBCO films,” IEEE Trans. Appl.
Supercond., vol. 11, pp. 2873–2876, 2001.
[9] H. Fuji, T. Honjo, R. Teranishi, Y. Tokunaga, J. Matsuda, S. Asada, Y.
Yamada, T. Izumi, Y. Shiohara, Y. Iijima, S. Yasuhiro, K. Takashi, M.
Atsushi, and K. Murata, “Processing for long YBCO coated conductors
by advanced TFA-MOD process,” Physica C, vol. 412, pp. 916–919,
2004.
[10] Y. Xu, A. Goyal, K. Leonard, L. Heatherly, and P. Martin, “Liquid
phase enhanced hybrid MOD approach for high performance YBCO
films development,” IEEE Trans. Appl. Supercond., vol. 15, pp.
2617–2619, 2005.
[11] T. Manabe, M. Sohma, I. Yamaguchi, W. Kondo, K. Tsukada, S.
Mizuta, and T. Kumagai, “Preparation of high-Jc large-size YBCO
films (30 10 cm2) by coating-pyrolysis process on CeO2-buffered
sapphire,” Physica C, vol. 412, pp. 896–899, 2004.
[12] T. Izumi, “Recent progress of coated conductor process by TFA-MOD
method in Japan,” presented at the CCA2006, Luddwigsburg, Germany, 2006.

2

